hours. The combination of a high-resolution camera and large geographic coverage (~1500 23 km) have provided a unique technique of NLC observations from the stratosphere, which is 24 impossible to currently achieve either from the ground or space. We have estimated that a 25 horizontal extension of the NLC field as seen from the balloon was about 1450 x 750 km 26 whereas it was about 800 x 550 km as seen from the ground. The NLC field was located in a 27 cold area of the mesopause (136-146 K), which is confirmed by satellite measurements. Thomas, 2015) ; 58 there are also irregular (campaign-based) NLC observations conducted by using sounding 59 rockets and aircraft (Zadorozhny et al., 1993; Gumbel and Witt, 2001 ; Reimuller et al., 2011) . 60
These techniques have advantages and disadvantages. In particular, ground-based 61 measurements provide a high horizontal resolution of ~20 m and high temporal resolution of 62 seconds (optical imagers) (Dalin et al., 2010; Baumgarten and Fritts, 2014) and high vertical 63 resolution of 50-150 metres using lidars (Baumgarten et al., 2009 ) but are limited to 64 tropospheric weather conditions and restricted to a certain small region on the Earth's surface.region, Russia (~56°N; 41°E), on the night of 5-6 July 2018. Since a gondola payload is 100 constantly rotating and shaking during its flight, the NLC camera was installed on a special 101 stabilized platform. The 3-axis motorized gimbal stabilized platform (Fig. 1) was designed  102 and build by the Aerospace laboratory "Stratonautica" (http://stratonautica.ru), which has a 103 wide experience in building such platforms and launching sounding balloons. The platform 104 was designed to rotate in a 60° step in the azimuth angle in order to capture the whole 105 hemisphere (360°) since NLC can appear in any direction as observed from mid-latitudes, 106
including the southern part of the sky (Hultgren et al., 2011; Suzuki et al., 2016) . The NLC 107 camera took images every 6 s during the whole flight, obtained several thousands of images 108 and several hundreds of images capturing NLC. Besides, automatic exposure bracketing was 109 used to take four images in sequence with different exposures, allowing us to register various 110 NLC brightness from very bright to very faint as well as faint stars, which are important 111 information for the photogrammetric technique and georeference procedure of the images. formed by a localized warming at the summer mesopause. This is not the case in our case 203 study, in which we have observed partial ice voids moving at the general wind speed in the 204 same direction along with the entire NLC field. 205
In the present case study, the partial ice voids had irregular shape and sizes ranging from 206 150 to 250 km. Also, these partial voids moved along the wind, having the same speed and 207 direction. Thus, it is difficult to connect these partial voids with regular wave disturbances. At 208 the same time, as shown in Fig. 3 , the southmost border of the NLC field was confined to the 209 warm air mass located at sub-polar latitudes of ~58°N and lower. The mesopause temperature 210 at this border was equal to ~147 K at 86 km altitude. The MLS data cannot reproduce the 211 exact shape of this border due to low horizontal resolution (~15°) and temporal resolution of 212 ~1.5 h. However, it is well known that tropospheric frontal systems have a meandering shape, 213 sometimes with intrusions of warm and cold air masses as in case of the formation of a frontal 214 wave cyclone (Ahrens, 1993; Stull, 2000) . In our case the warm front at the mesopause and 215 the NLC partial ice voids resemble a tropospheric frontal wave, in which there are intrusions 216 of warm air masses, moving from midlatitudes, into the cold air mass located at sub-polar and 217 polar latitudes (see Fig. 6 ). Therefore, we consider that the most probable source of these 218 partial ice voids observed in the NLC in this particular case is the intrusion of warm air 219 masses into the cold air mass with the NLC field, sublimating ice particles. A similar 
